Introduction
Concentrically shorted patch microstrip antennas have the unique feature that their fundamental mode has a monopolar-like radiation pattern (omnidirectional with E θ polarization and the maximum in the horizon) [1] [2] . This is contrary to conventional patch antennas whose fundamental mode has a broadside radiation pattern. Initially the fundamental monopolar mode was achieved with circular geometries [2] , but later it was demonstrated that can be excited in non-circular patches shorted in the center [3] . More recently, great efforts have been made on achieving miniaturized patch antennas with the monopolar radiation pattern. Good results have been reported by using patches composed of metamaterial cells [4] [5] .
During the nineties, this type of patch antennas was extensively used in the field of user terminals for cellular communications [3] . After that, monopolar patch antennas have been applied to WLANs (Wireless Local Area Networks). Multifrequency patch antennas with monopolar radiation pattern could be a very interesting radiating element for access points and user terminals due to the increase of standards and bands allowed for wireless communications and WLANs. However, up to the authors' knowledge, monopolar patch antennas with multi-frequency performance have not been reported yet. In this communication, a patch antenna with two monopolar modes is proposed. These monopolar modes can be excited by using one or two different coaxial ports. The second approach is chosen in this design, achieving a high isolation between the ports (> 10 dB).
Antenna Design and Results
The conventional approach to achieve a microstrip patch antenna with a fundamental monopolar mode consists of inserting a shorting metallic cylinder in the centre of the patch [1] [2] [3] . Similar results can be achieved by using shorting vias placed in the proper locations [6] . The advantage of this second approach is that it is easier to manufacture. In both cases, the fundamental mode has an electric-field distribution with uniform amplitude and phase. Therefore, the equivalent magnetic current densities form a loop that produces the monopolar radiation pattern. The proposed approach consists of inserting two concentric 978-1-4244-4968-2/10/$25.00 ©2010 IEEE short conditions in a conventional patch antenna with a separating gap between them. Hence, the equivalent current densities at the edges depend on the electric field at the outer part of the patch. Equivalently, the radiation pattern is independent of the "radial" electric-field distribution, but depends only on the distribution at the edges. Two different modes with a uniform electric-field distribution at the outer part of the patch are achieved and thus, a monopolar radiation pattern is obtained at two different frequencies. Fig. 1 shows the sketch of the proposed antenna. It is based on a square patch antenna with a gap to separate the two shorts. Each shorting condition is implemented with four vias placed at the same distance from the centre of the patch. The outer vias are placed next to the gap. The parameters of the antenna are the length of the square patch (L), the position and the width of the gap (d gap and w gap , respectively), the diameter of the shorting vias (d vias ), the position of the inner vias (d short ) and the permittivity and thickness of the dielectric substrate (h and ε r , respectively). The working frequencies, the ratio between them and the input impedance depend manly on the length of the patch (L) and the position of the shorts (d gap and d short ). Two different feeding strategies have been studied. The first one consists of using one coaxial port which excites the two working modes. The other one is based on two different coaxial ports, each of them exciting a different monopolar mode. It is possible two achieve simultaneous matching at the two monopolar frequencies with both feeding approaches. The second approach has been chosen for the proposed example (Fig. 1) . It is important to note that good isolation between both ports is achieved, as it will be shown below.
The dimensions of the proposed patch are: L = 31.00 mm, d gap = 7.50 mm, w gap = 0.40 mm, d vias = 0.70 mm and d short = 3.75 mm. The dielectric substrate is polypropylene with ε r = 2.2 and h = 2.00 mm. The distances between the ports and the centre of the patch are 9.00 mm for the port #1 and 6.00 mm for the port #2. This antenna has been simulated with CST Microwave Studio ®. Fig. 2 shows the simulated [S] parameters. The reflection coefficient at each port is completely different. The first resonance at port #1 occurs at 2.6 GHz, while the first resonance at port #2 appears at 4.8 GHz. Good matching is obtained at both frequencies. The isolation between both ports is higher than 10 dB at the first frequency and 22 dB at the second one. The second resonance appearing at port #1 (3.4 GHz) is the conventional patch-like TM 10 mode.
The electric-field distributions at the two frequencies are shown in Fig. 3 . They have a different "radial" behavior, but a quasi-uniform electric field distribution in the outer part of the patch can be seen in both cases. These electric-field distributions produce the desired monopolar radiation pattern at both working frequencies (Fig. 4) . The simulated gains are 2 dBi at 2.6 GHz and 2.7 dBi at 4.8 GHz. The electrical length of the patch is λ 0 /3.72 at the first frequency and λ 0 /2.02 at the second one. It is important to note that the electrical length of the patch is not increased with respect to the conventional patch antenna, but considerably reduced at the first working frequency. 
